Abstract. The present experiments were designed to localize the sites of carbonic anhydrase-independent bicarbonate reabsorption in the rat kidney and to examine some of its mechanisms. Young MunichWistar rats were studied using standard cortical and papillary free-flow micropuncture techniques. Total CO2 (tCO2) was determined using microcalorimetry. In control rats both superficial and juxtamedullary proximal nephrons reabsorbed -95% ofthe filtered load ofbicarbonate. localize its site of action to the terminal nephron. Vasa recta (VR) plasma and loop of Henle (LH) tubular fluid tCO2 were determined in control and acetazolamidetreated rats in order to identify possible driving forces for carbonic anhydrase-independent bicarbonate reabsorption in the rat papilla. Control animals showed a tCO2 gradient favoring secretion (LH tCO2, 7.4±1.7 mM vs. VR tCO2, 19.1±2.3 mM; P < 0.005). Acetazolamide administration reversed this chemical concentration gradient, inducing a driving force favoring reabsorption of bicarbonate (LH tCO2, 27.0±1.4 mM vs. VR tCO2, 20.4+1.0 mM; P < 0.005).
signed to localize the sites of carbonic anhydrase-independent bicarbonate reabsorption in the rat kidney and to examine some of its mechanisms. Young MunichWistar rats were studied using standard cortical and papillary free-flow micropuncture techniques. Total CO2 (tCO2) was determined using microcalorimetry. In control rats both superficial and juxtamedullary proximal nephrons reabsorbed -95% ofthe filtered load ofbicarbonate. The administration of acetazolamide (20 mg/kg body weight [bw]/h) decreased proximal reabsorption to 65.6% ofthe filtered load in superficial nephrons (32% was reabsorbed by the proximal convoluted tubule while 31.7% was reabsorbed by the loop segment), and to 38.4% in juxtamedullary nephrons. Absolute reabsorption of bicarbonate was also significantly higher in superficial than in juxtamedullary nephrons after administration of acetazolamide (727±82 vs. 346±126 pmol/min; P < 0.05). The infusion of amiloride (2.5 mg/kg bw/h) to acetazolamide-treated rats increased the fractional excretion of bicarbonate as compared with animals treated with acetazolamide alone (34.9±1.9 vs. 42 .9±2.1%; P < 0.01), and induced net addition of bicarbonate between the superficial early distal tubule and the final urine (34.8±3.0 vs. 42.9+2.1%; P < 0.05). Amiloride at this dose did not affect proximal water or bicarbonate transport; our studies localize its site of action to the terminal nephron. Vasa recta (VR) plasma and loop of Henle (LH) tubular fluid tCO2 were determined in control and acetazolamidetreated rats in order to identify possible driving forces for carbonic anhydrase-independent bicarbonate reabsorption in the rat papilla. Control animals showed a tCO2 gradient favoring secretion (LH tCO2, 7.4±1.7 mM vs. VR tCO2, 19.1±2.3 mM; P < 0.005). Acetazolamide administration reversed this chemical concentration gradient, inducing a driving force favoring reabsorption of bicarbonate (LH tCO2, 27.0±1.4 mM vs. VR tCO2, 20 .4+1.0 mM; P < 0.005).
Our study shows that in addition to the superficial proximal convoluted tubule, the loop segment and the collecting duct show acetazolamide-insensitive bicarbonate reabsorption. No internephron heterogeneity for bicarbonate transport was found in controls. The infusion of acetazolamide, however, induced significant internephron heterogeneity for bicarbonate reabsorption, with superficial nephrons reabsorbing a higher fractional and absolute load of bicarbonate than juxtamedullary nephrons. We think that the net addition of bicarbonate induced by amiloride is secondary to inhibition of voltagedependent, carbonic anhydrase-independent bicarbonate reabsorption at the level of the collecting duct, which uncovers a greater delivery of bicarbonate from deeper nephrons to the collecting duct.
Finally, our results suggest that carbonic anhydraseindependent bicarbonate reabsorption is partly passive, driven by favorable chemical gradients in the papillary tubular structures, and partly voltage-dependent, in the collecting duct.
Introduction
It is now well known that the bulk of bicarbonate reabsorption by the mammalian kidney occurs in the proximal tubule by mechanisms that are strongly dependent on the activity of the enzyme carbonic anhydrase (1) (2) (3) (4) (5) (6) (7) (8) . Free-flow micropuncture studies have established that inhibition of carbonic anhydrase will result in a decrease ofbicarbonate reabsorption by the proximal tubule to -20% of the filtered load (2, 3, 7) . In vivo and in vitro microperfusion studies of the proximal tubule of the rat and the rabbit have shown up to 100% inhibition of bicarbonate reabsorption after inhibition of carbonic anhydrase (1, (4) (5) (6) 8) . In spite of the fact that '-80% of the filtered load of bicarbonate is delivered to the late portions of the superficial proximal tubule accessible to micropuncture, only 20-30% of the filtered load is excreted in the final urine (2, 7) . Thus, '-50% of the filtered load of bicarbonate can be reabsorbed in the kidney by mechanisms that are independent of the enzyme carbonic anhydrase, and at tubular sites other than the superficial proximal convoluted tubule.
The present free-flow micropuncture study was designed to localize the tubular sites of carbonic anhydrase-independent bicarbonate reabsorption in the rat. Recent work by DuBose and Lucci (7) has demonstrated that, besides the superficial proximal convoluted tubule, both the loop segment ofsuperficial nephrons and the terminal nephron reabsorb significant amounts of bicarbonate after inhibition of carbonic anhydrase with acetazolamide. The mechanisms of carbonic anhydrase-independent bicarbonate reabsorption have not been well defined. The uncatalyzed reaction is clearly insufficient to account for the observed rates of bicarbonate reabsorption (8, 9) . Several explanations have been proposed such as incomplete inhibition of the enzyme, direct bicarbonate reabsorption (rather than hydrogen ion secretion), and hydrogen ion secretion, maintained by recycling of carbonic acid (9, 10) . DuBose and Lucci (7) suggest that the establishment of bicarbonate gradients between the loop of Henle (LH)' and vasa recta (VR) may be one of the mechanisms driving carbonic anhydrase-independent bicarbonate reabsorption.
Previous studies have established that there is internephron heterogeneity in the renal handling ofdiverse solutes (1 1) . Using the isolated tubule microperfusion technique, Jacobson (6) and Warnock and Burg (12) have demonstrated internephron heterogeneity for bicarbonate reabsorption in the proximal tubule of the rabbit. Jacobson (6) observed that this heterogeneity persists after inhibition of carbonic anhydrase with acetazolamide. DuBose and Lucci (7) , using free-flow micropuncture in the rat, postulate that the proximal tubules ofjuxtamedullary nephrons have a greater capacity than those of superficial nephrons to reabsorb bicarbonate independently of carbonic anhydrase. We sought to examine this issue and the role ofjuxtamedullary nephrons in both carbonic anhydrase-dependent and -independent bicarbonate reabsorption, by sampling the LH of juxtamedullary nephrons. In an effort to precisely localize the sites 1 The superficial late proximal tubules were localized after injection oflissamine green, by their typical appearance near "star" vessels, and confirmed by failure of an injected small droplet of Sudan black-stained mineral oil to resurface in subsequent tubular convolutions. Superficial early distal tubules were localized as the first tubules in which lissamine green could be observed after the initial total disappearance from the kidney surface. The LH ofjuxtamedullary nephrons were localized visually. A small droplet of Sudan black-stained mineral oil was injected into the puncture site to determine the direction of flow. After this, a droplet of the same oil of -3-4 tubular diameters in length was injected and aspiration of the tubular fluid (TF) begun. Exactly timed collections of TF were obtained; they lasted between 3 and 6 min. If more than minimal suction was required to collect the TF and maintain the oil block in position, the sample was discarded.
Samples from descending or ascending vasa recta were collected in pipettes according to the technique described by Johnston et al. (17) . Briefly, an 8-12 um tip diameter pipette was introduced into a VR of the papilla. If the selected vessel was a descending VR, the collection rates were slowed as suggested by these investigators in order to allow for osmotic equilibration. Samples in which there was any technical problem for collection were discarded. Immediately after collection, the tip of the pipette was sealed, the samples centrifuged for 10 min, and the plasma collected in quartz capillary tubing. At the end of the experiment, the kidneys were excised, blotted, and weighed.
Experimental protocols
Group L Controls (n = 18). These animals were maintained with an infusion of normal saline solution at a rate of 1.3 ml/h. This rate of volume replacement resulted in a constant hematocrit comparable to the euvolemic rats described by Ichikawa et al. (16) .
Group II. Acetazolamide (n = 33). These animals received a bolus intravenous injection of acetazolamide (Diamox, Lederle Laboratories, Div. American Cyanamid Co., Pearl River, NY) (20 mg/kg bw) in Ringer's bicarbonate, followed by an hourly infusion of 20 mg/kg bw. A solution of 170 mmol NaHCO3 and 25 mmol of potassium chloride was administered at a rate of 0.1 ml/min in order to replace losses and maintain constant plasma bicarbonate levels.
Group III. Acetazolamide and amiloride (n = 28). These rats received the same amount of acetazolamide as described for group II, but in addition received a bolus dose of amiloride (2.5 mg/kg bw) (Merck & Co., Inc., Sharp & Dohme Div., West Point, PA) in Ringer's bicarbonate solution, followed by an infusion of the same drug at an hourly rate of 2.5 mg/kg bw. In this group of rats, amiloride and acetazolamide were given in the same syringe and the concentration of the drugs was doubled, so these animals received the same amount of fluid as the rats treated with acetazolamide alone. A solution of 170 mmol NaHCO3 without potassium chloride was administered at a rate of 0.1 ml/min in order to replace urinary losses and keep plasma bicarbonate levels constant.
Analytical
Immediately after the termination of the experiment, the TF and VR plasma samples were deposited on siliconized glass slides under mineral oil equilibrated with a 100 mM Hepes (N-2 hydroxyethyl piperazine-N-2 ethanesulfonic acid) buffer solution. The total volume of the TF samples was determined using quartz capillary tubing of constant bore, VR plasma samples were performed by micro-calorimetry (Picapnotherm, Microanalytic Instruments, Bethesda, MD) as described by Vurek et al. (18) . tCO2 in a sample represents bicarbonate plus the dissolved CO2 gas. Under the present experimental conditions the tCO2 concentration was taken to represent the bicarbonate concentration in the sample. Contamination of VR samples by collecting duct fluid was ruled out by using the formula suggested by Johnston et al. (17) , (VR1n-Pn)/ (CD1n) X 100, where In is inulin, and P is plasma. CD1n was determined from base and tip of papillary CD samples obtained in each animal. All samples that had a value higher than 5% were discarded.
Urine and arterial blood pH and Pco2 were determined immediately after collection in a blood gas analyzer (Radiometer Co., Copenhagen, Denmark); urine and plasma, sodium and potassium concentrations were measured by flame photometry (IL Autocal flame photometer, Instrumentation Laboratory, Inc., Lexington, MA); urine and plasma chloride concentrations were determined in a chloridometer (Coming Medical & Scientific, Medfield, MA); plasma protein concentration was determined by refractometry; and plasma osmolality (P,,,m) and urine osmolality (U.,l,) were measured by a vapor pressure osmometer (Wescor Inc., Logan, UT).
Calculations
The single nephron glomerular filtration rate (SNGFR) and whole kidney GFR were estimated from the single nephron and whole kidney inulin clearances, respectively. SNGFR from early distal tubules was used to calculate absolute proximal bicarbonate reabsorption by superficial nephrons. Fractional reabsorption of water (FRH20) was calculated as (1 -P/TF1.) X 100. The absolute reabsorption of tCO2 was determined from the difference between the filtered tCO2 (SNGFR X plasma bicarbonate) and the tCO2 delivered to the micropuncture site (flow rate X tCO2 concentration at the micropuncture site). The fractional delivery of tCO2 (FDtCO2) to the different micropuncture sites was calculated as [TF/P]tCO2/In. Results were factored by gram kidney weight.
The term "proximal reabsorption" in this paper refers to the amount of water or bicarbonate reabsorbed by the proximal convoluted tubule, pars recta, and thin descending limb of Henle's loop of both superficial and juxtamedullary nephrons. Thus, proximal reabsorption or delivery of bicarbonate in superficial nephrons was calculated on the basis of the amount of the anion delivered to the superficial early distal micropuncture site. These results were compared with those obtained at the bend of the LH ofjuxtamedullary nephrons. Since the bend of the LH of superficial nephrons is inaccessible to micropuncture, proximal bi-carbonate reabsorption by superficial and juxtamedullary nephrons can only be compared by determining bicarbonate reabsorption at either the late proximal site or the early distal site of superficial nephrons. We thought that the early distal site better represented proximal bicarbonate reabsorption by superficial nephrons since both clearance and in vitro microperfusion studies suggest that bicarbonate is very poorly reabsorbed by the ascending limb of the LH (19) (20) (21) (22) . By the same token, the ascending limb of the LH is impermeable to water (23, 24 (26) .
Results
Whole animal data To localize more precisely the tubular sites for carbonic anhydrase-independent bicarbonate reabsorption, we divided proximal reabsorption by superficial nephrons into that portion reabsorbed by the proximal convoluted tubule and that reabsorbed by the loop segment (residual segments ofproximal convoluted tubule inaccessible to micropuncture, plus pars recta, plus thin descending limb of the LH). Fig. 1 (top) shows that under control conditions, 81.8±1.3% of the filtered load of bicarbonate was reabsorbed by the proximal convoluted tubule while 14.0% was reabsorbed by the loop segment. The administration of acetazolamide, however, significantly decreased bicarbonate reabsorption by the proximal convoluted tubule to only 32.0±3.4% ofthe filtered load (P < 0.001), but significantly increased loop segment reabsorption to 31.7% (P < 0.01). Thus, in control conditions, proximal bicarbonate reabsorption (proximal convoluted tubule plus loop segment) was 96±1.4% of the load filtered by superficial nephrons. After carbonic anhydrase . Acetazolamide infusion decreased proximal fractional bicarbonate reabsorption (P < 0.05). Proximal reabsorption of bicarbonate was divided into two components: first, reabsorption by the proximal convoluted tubule (PCT) (control vs. acetazolamide; P < 0.001); second, reabsorption by the loop segment (residual PCT, pars recta and thin descending limb of HL); (control vs. acetazolamide; P < 0.01).
The lower panel depicts the absolute tCO2 reabsorption by the loop segment in control and acetazolamide-treated animals (P = NS).
inhibition with acetazolamide, proximal reabsorption by superficial nephrons decreased to 65.6±3.5% of the filtered load (P < 0.05). As shown in Fig. 1 (bottom 60.8±5%; P < 0.005). Fig. 3 shows that the filtered loads of tCO2 were not significantly different between both populations ofnephrons in group I or group II. Absolute proximal tCO2 reabsorption was similar between superficial and deep nephrons in the control group (1,191±111 vs. 1,659±365 pmol/min; P = NS). The absolute proximal tCO2 reabsorption in the acetazolamide-treated group, however, was significantly higher in the superficial nephrons than in the juxtamedullary nephrons (727±82 vs. 346±126 pmol/min; P < 0.05).
In order to investigate possible driving forces favoring reabsorption of bicarbonate after inhibition of carbonic anhydrase, tCO2 concentrations were determined in VR plasma and LH tubular fluid in six control and six acetazolamide-infused rats in a paired fashion. Fig. 4 shows that tCO2 concentration in control animals was significantly lower in the LH as compared with VR (7.4±1.7 vs. 19.1±2.3 mM; P < 0.005). After acetazolamide administration this gradient was reversed (27.0±1.4 vs. 20 .4+1 .0 mM; P < 0.005).
Discussion
The sites and mechanisms of carbonic anhydrase-independent bicarbonate reabsorption by the kidney have remained contro- In vivo microperfusion studies have shown that, under normal circumstances, there is no bicarbonate reabsorption by the superficial distal convoluted tubule of the rat (28) . In vitro microperfusion studies show that bicarbonate reabsorption is totally inhibited by acetazolamide, both in the cortical and medullary collecting tubule of the rabbit (29, 30) . Furthermore, two recent micropuncture studies have suggested that acetazolamide inhibits bicarbonate transport by the papillary CD of the rat (31, 32) . This latter finding, however, is in disagreement with preliminary studies from our laboratory (33) . The recent micropuncture study by DuBose and Lucci (7) also suggests that there is significant carbonic anhydrase-independent bicarbonate reabsorption by the collecting tubule of the rat. Thus, the purpose of the present studies was to localize the tubular sites for carbonic anhydrase-independent bicarbonate reabsorption, to study the role of juxtamedullary nephrons in this process, to investigate the effects of systemic doses of amiloride on carbonic anhydraseindependent bicarbonate reabsorption, and to elucidate some and acetazolamide-treated rats (lower). The filtered load of bicarbonate was the same between both nephron populations in controls, and in acetazolamide-treated animals (P = NS). Absolute proximal tCO2 reabsorption was similar between both nephron populations in controls (P = NS Effects ofacetazolamide and amiloride on bicarbonate reabsorption: role ofthe loop segment and collecting tubule. Carbonic anhydrase inhibition with acetazolamide resulted in inhibition of bicarbonate reabsorption in the proximal convoluted tubule from 81.8 to 32%. However, only 34.9% of the filtered bicarbonate appeared in the final urine. Our study indicates that both the loop segment of superficial nephrons and the terminal nephron are sites of significant bicarbonate reabsorption in acetazolamide-treated rats. Since Lucci et al. (28) have recently shown that the superficial distal convoluted tubule does not transport bicarbonate under normal conditions, the terminal site for bicarbonate reabsorption is most likely the collecting tubules.
As shown in Fig. 1, 31 .7% of the filtered load of bicarbonate is reabsorbed by the loop segment of superficial nephrons in acetazolamide-treated rats. In micropuncture studies, the loop segment is composed of a variable portion ofthe proximal convoluted tubule that is inaccessible to puncture, the pars recta of the proximal tubule, the LH, and a small portion of the very early distal tubule. Any of these tubular segments could have been responsible for the observed reabsorption of bicarbonate. A previous micropuncture study has shown that the loop segment appears to be permeable to bicarbonate (34) . Previous studies using the in vitro perfused tubule technique have shown that carbonic anhydrase inhibition severely impairs bicarbonate reabsorption by both the proximal convoluted tubule and the pars recta (1, 4) . Recent work by Jacobson (6), however, shows that the proximal convoluted tubule of the rabbit has a residual capacity to reabsorb bicarbonate independent of carbonic anhydrase. Indeed, our present study and those of others show in vivo that the superficial proximal convoluted tubule of the rat is still able to reabsorb -20% of the filtered load of bicarbonate after inhibition ofcarbonic anhydrase (2, 7). Thus, the proximal convoluted tubule that is inaccessible to micropuncture may be responsible for part of the reabsorption of bicarbonate observed in the loop segment. With the present technique one cannot rule out the possibility that the pars recta of the rat may also have a residual capacity to reabsorb bicarbonate independently of carbonic anhydrase.
Previous clearance studies suggest that bicarbonate is a poorly reabsorbable anion in the diluting segments of the kidney (19, 20) . Recent in vitro tubule microperfusion studies of both the medullary and cortical thick ascending limb of the LH suggest low passive bicarbonate permeability and minimal bicarbonate transport (21, 22) . Thus, it appears at present that the ascending limb of the LH may not be a site for significant carbonic anhydrase-independent bicarbonate reabsorption.
The role of the thin descending limb of the LH in the reabsorption ofbicarbonate has not been established. In vitro studies in isolated tubules suggest that the passive permeability of this tubular segment to sodium and chloride are quite low and that this segment is incapable of active transport (35) . The passive permeability of bicarbonate in the thin descending limb of the LH has not been studied. Since our study shows that the loop segment reabsorbs a significant amount of the filtered load of bicarbonate, it is possible that the thin descending limb of the LH could be a site for carbonic anhydrase-independent bicarbonate reabsorption.
If we consider the results obtained from the superficial nephrons to represent the whole kidney and assume no internephron heterogeneity for carbonic anhydrase-independent bicarbonate transport, our results would localize this reabsorption to the proximal convoluted tubule (32% of the filtered load) and to the loop segment (31.7% ofthe filtered load). This would account for all carbonic anhydrase-independent bicarbonate reabsorp- (29) (30) (31) . On the other hand, DuBose and Lucci (7) using in vivo micropuncture have recently shown that there is significant carbonic anhydrase-independent bicarbonate reabsorption by the distal nephron of the rat. Previous clearance studies from our laboratory showed that the administration of acetazolamide did not decrease distal acidification (estimated from the urine minus blood Pco2) (36) . Further studies, also from our laboratory, showed that the administration of amiloride induced significant increases in FEHCO3 in acetazolamide-treated rats (37). Amiloride, at the dose administered in those studies and in our present experiments, is thought to inhibit distal acidification (38, 39) . The present study confirmed these findings, directly localizing the action of this dose of amiloride to the terminal nephron. Our study showed that amiloride induced net addition of bicarbonate between the superficial early distal tubule and the final urine of acetazolamide-treated rats.
The fact that amiloride was able to induce net addition of bicarbonate between the superficial early distal tubule micropuncture site and the final urine strongly suggests that the distal nephron is capable of carbonic anhydrase-independent bicarbonate reabsorption. The most likely explanation for the observed findings is that amiloride, by inhibiting distal carbonic anhydrase-independent bicarbonate reabsorption, uncovers a greater distal delivery of bicarbonate by the juxtamedullary nephrons, which would explain the net addition of bicarbonate observed between the early distal tubule of the superficial nephrons and the final urine. There is a possibility, however, if there is bidirectional bicarbonate transport in the collecting tubules, that amiloride by blocking carbonic anhydrase-independent bicarbonate reabsorption may uncover bicarbonate secretion. This would also explain the observed net addition of bicarbonate. We think, however, that the chemical concentration gradients of both bicarbonate and chloride in the CD after acetazolamide administration are unfavorable for bicarbonate secretion (7, 40) . Thus, we favor the former explanation. It has been shown in vitro that amiloride inhibits sodium transport and lumen-negative transepithelial potential difference in the cortical collecting tubule (13) . Amiloride also inhibits acidification in this tubular segment (29) . Since acidification in the cortical collecting tubule appears to be at least partly voltage-dependent, we think that the lumen-negative transepithelial potential difference generated by active sodium reabsorption constitutes a driving force for carbonic anhydrase-independent bicarbonate reabsorption in this tubular segment (38, 41, 42) .
Our study also demonstrates that amiloride does not further inhibit proximal water or bicarbonate transport. As seen in Role ofjuxtamedullary nephrons. The role ofthe juxtamedullary nephrons in carbonic anhydrase-independent bicarbonate reabsorption investigated by our study was also addressed recently by two other studies (6, 7) . Our results show that superficial nephrons have a greater capacity, both in fractional and absolute terms, to reabsorb bicarbonate independently of carbonic anhydrase. This disagrees with previous studies.
Jacobson (6) , using the in vitro isolated tubule microperfusion technique, demonstrated that the juxtamedullary proximal convoluted tubule of the rabbit has a greater capacity to reabsorb bicarbonate under both control and carbonic anhydrase inhibition conditions. This investigator showed that acetazolamide inhibited bicarbonate transport to a similar degree in both nephron populations, however, juxtamedullary nephrons still retained a higher residual reabsorptive capacity. These studies, however, were done in the rabbit, which is an animal with different acidification characteristics than the rat.
More importantly, DuBose and Lucci (7), in their recent study, using free-flow micropuncture techniques in the MunichWistar rat, also concluded that there is internephron heterogeneity for carbonic anhydrase-independent bicarbonate reabsorption. They state, however, that juxtamedullary nephrons have a capacity to reabsorb a greater fraction ofthe filtered load of bicarbonate than superficial nephrons. The differences in conclusions between our present study and the study of DuBose and Lucci (7) (19, 20) . Recent studies by Friedman and Andreoli (22) showed that there is no net transport of bicarbonate at the level of the cortical thick ascending limb of the LH, and Stokes (21) suggests that bicarbonate transport by the medullary thick ascending limb of the LH is probably minimal. These studies were done without imposing bicarbonate concentration gradients, but Friedman and Andreoli (22) suggest that passive bicarbonate permeability by the cortical thick ascending limb of the LH is quite low.
The studies by Imai (23) in the rat thin ascending limb of the LH examined the permeabilities of several anions relative to sodium. Bicarbonate was relatively one of the less permeant anions. This, however, was not an absolute measurement, should these considerations hold; the bicarbonate delivered to the early distal site would reflect more accurately proximal bicarbonate reabsorption by the superficial nephron than the bicarbonate delivered to the late proximal convoluted tubule.
Had we determined superficial proximal bicarbonate reabsorption of the late proximal micropuncture site, our results would show no internephron heterogeneity for acetazolamideinsensitive bicarbonate reabsorption. Ifwe accept this conclusion, or the postulation of DuBose and Lucci (7) that juxtamedullary nephrons have a higher capacity for acetazolamide-insensitive bicarbonate reabsorption, it becomes difficult to explain the net addition ofbicarbonate between the superficial early distal tubule and the final urine observed after the infusion of amiloride. As discussed above, we think that significant bicarbonate secretion is unlikely in this setting. Even if bicarbonate reabsorption by the ascending limb of the LH does occur, the results of group III strongly suggest that juxtamedullary nephrons deliver a greater load of bicarbonate to the final urine than superficial nephrons.
We did not find any difference in proximal fractional delivery or absolute reabsorption of bicarbonate between both nephron populations in group I. Thus, under control conditions and with the present technique we do not find internephron heterogeneity for bicarbonate transport in the rat. In acetazolamide-treated rats, superficial nephrons reabsorbed a significantly higher fraction of the filtered load of water than the juxtamedullary nephrons (Fig. 2, bottom) . Since tCO2 concentrations were similar in both nephron populations of these rats, the possibility exists that a fraction of proximal carbonic anhydrase-independent bicarbonate reabsorption by superficial nephrons may follow water reabsorption.
Possible mechanismsfor carbonic anhydrase-independent bicarbonate reabsorption. In view of the fact that both the loop segment and the collecting tubule seem to reabsorb significant amounts of bicarbonate after carbonic anhydrase inhibition, we investigated the possibility of passive reabsorption by determining the chemical concentration gradient in the papilla of the rat. Fig. 4 Our study also suggests that the lumen-negative transepithelial potential difference across the cortical collecting tubule constitutes an important driving force for carbonic anhydrase-independent bicarbonate reabsorption, since amiloride infusion in acetazolamide-treated rats significantly increased the fractional excretion of bicarbonate as compared with rats treated with acetazolamide alone. The delineation of the precise role of voltage in carbonic anhydrase-independent bicarbonate reabsorption requires other techniques.
The possibility of incomplete inhibition of the enzyme has been postulated by some to account for bicarbonate reabsorption after administration of acetazolamide. Studies done in slices of kidney tissue, however, have shown that concentrations of acetazolamide of l0-4 M inhibit carbonic anhydrase activity totally (27) . Cogan et al. (2) have demonstrated that systemic administration of acetazolamide in the dose that we used in our experiments achieves intraluminal concentrations ofthe magnitude that have been shown by others to completely inhibit carbonic anhydrase, both in kidney slices and in the in vivo microperfusion preparation (8, 27) . Thus, this remains an unlikely possibility.
Finally, recycling of carbonic acid has been postulated by Rector (10) to account for carbonic anhydrase-independent bicarbonate reabsorption. This hypothesis assumes that carbonic acid diffuses from the tubular lumen readily into the cells and serves as the source ofhydrogen ion. This mechanism continues to be a possibility in addition to the mechanisms for carbonic anhydrase-independent bicarbonate reabsorption that are suggested above.
